ABSTRACT Ethanol is claimed to have a specific damaging effect on the lung and to be at least partially responsible for pulmonary dysfunction in alcoholics. Adequate allowance for the damaging effects of cigarette smoking has not, however, been made hitherto. Pulmonary function studies were undertaken in 27 alcoholic subjects. Although there was a high prevalence of symptoms and abnormalities of pulmonary function, these were largely confined to current smokers: most of those who had never smoked and the ex-smokers who were symptom free and had normal pulmonary function. A case controlled study of alcoholics and matched controls showed no significant difference in pulmonary function between the two groups. It is concluded that the high prevalence of respiratory disease in alcoholics is largely attributable to their smoking habits: no evidence of a specific pulmonary toxic effect of ethanol was identified in the study.
"Whisky bronchitis" is a colloquial expression used to describe the high prevalence of respiratory disease in alcoholics. Chronic bronchitis, emphysema, aspiration pneumonia, and pulmonary tuberculosis are all more common in alcoholics than in nonalcoholics.' Several explanations for these observations have been offered, including the smoking habits of alcoholics, 2 ventilation-perfusion mismatch,3 poor nutritional state, and multiple thoracic cage injuries. Recently it has been postulated that ethanol has a specific toxic effect on the lung,4 and this hypothesis has generated a search for alterations in the pulmonary function of alcoholics5 -7 that are independent of the above effects.
A major difficulty has been the separation of the effects of tobacco from those of pulmonary damage caused by alcohol. At least 80% of alcoholics are current smokers,5 and many smoke very heavily. We have therefore studied the pulmonary function of a series of alcoholics grouped according to their smoking habit. In addition, a case-control study of alcoholics, individually matched for age, height, race, sex, and smoking habit, was performed in an attempt to identify any possible direct pulmonary toxic effect of ethanol.
Methods
We studied 27 patients who were referred for assessment and treatment of various alcohol related problems. No criteria of maximum or minimum alcohol intake were set, the diagnosis of alcoholism being based on physical, social, and psychological deterioration caused by prolonged heavy drinking. Most patients, however, had consumed more than 100 g ethanol a day for at least three years. Thirteen of the 27 alcoholic patients were smokers. The first 17 patients studied were a consecutive series of referrals (they included four current non-smokers). Subsequently only current non-smokers were studied. Three patients were excluded, two because their vital capacity was too low to permit an accurate determination of transfer factor (TLCO)8 and one because allergic asthma made sequential studies during abstinence unreliable. For each alcoholic patient entered in the study a control patient was recruited, matched for age, sex, height, race, and smoking habit (that is, whether currently, previously, or never a smoker). Exclusion criteria for controls were the same as those for alcoholics and one control subject was excluded from the study because of a low vital capacity. In addition, patients giving a history of consuming more than 30 g of ethanol a day were excluded from the control group. Most of the control subjects were patients who were making a routine outpatient visit to 
Results
The toxic effect of ethanol in the 27 alcoholic patients pnoeic on mild exertion, and eight had cough, wheeze, dyspnoea on mild exertion, and excessive sputum production. Of the patients with symptoms, nine were smokers, four were current non-smokers, and one had never smoked. The group with symptoms consisted of four smokers, six current nonsmokers, and three who had never smoked. The current non-smoking alcoholics had a group mean (SD) of 19 .5 (13) pack years' history of cigarette smoking before stopping, compared with 29. 8 (14) for the alcoholic group as a whole. Pulmonary function was abnormal in 13 of the 27 alcoholics and in 15 of the control group. Results are shown in figure 1. Though more smoking alcoholics than smoking controls had an isolated defect of TLCO, this was not statistically significant. Two alcoholics and one control subject had an FEV1/FVC ratio of less than 70%; but none of them showed a reversible element, as defined by a change of more than 20% in the ratio after inhalation of salbutamol. There was no significant difference between alcoholics and controls The alcoholics showed a significant reduction in mean FEV1, which was 91% of the predicted normal (p < 0.05). TLCO was also reduced, being 78% of the predicted normal (p < 0.001). This reduction was also present in the control group (mean FEV1 3.0 (0.9)1, with a predicted normal of 4.31; p <0.03). Mean TLC, RV, and FVC were within normal limits in both alcoholic and control groups. Resting arterial gas tensions were normal in all smoking alcoholics, and venous carboxyhaemoglobin concentrations ranged from 3% to 12%. Analysis of the results for the current non-smoking and the non-smoking alcoholics showed that pulmonary function for the group was normal for TLCO, which was reduced to 85% of predicted normal (p<0.001). This was largely attributable to a reduction in TLCO in the current nonsmokers.
We compared the pulmonary function of the 13 alcoholics who were smokers with that of the 14 who were current non-smokers and non-smokers, and found no significant differences between the two groups except in RV, which was significantly greater in the alcoholic smokers, both in terms of percentage of predicted normal and in absolute terms (2.5 (SD 0.7)1 for the smokers and 2.0 (0.6)1 for the nonsmokers; p < 0.01). Repeat testing of pulmonary function was carried out in consistently abstaining patients with a mean interval of 11 weeks after the original tests (range 4-17 weeks). Ten individuals attended-five smokers and five non-smokers (including four ex-smokers and one who had never smoked); the smokers had not altered their smoking habit and there was no mean change in any index of pulmonary function. The results for TLCO and FEV1/FVC are shown in figure 2 . The power of the tests to find a 10% change with 95% confidence was >0.64 and >0.99 respectively.
Discussion
There is no doubt that the prevalence of respiratory disease in alcoholics is high, but its aetiology has been the subject of debate. At least 80% of alcoholics smoke, and therefore it is to be expected that their pulmonary function will be abnormal.'2 13 In addition, there is an association between hepatic cirrhosis and hypoxia.14 An alternative explanation of the observed respiratory disease of alcoholics has been advanced by Burch and DePasquale.4 Their hypothesis is that, as ethanol is a broadly acting toxin and is known to accumulate unmetabolised in the lung,1" it may cause direct damage to pulmonary tissue and consequent abnormality of pulmonary function.
Many attempts have been made to confirm or refute a direct toxic effect of ethanol. Rankin etal, 2 Banner,5 and Emergil et al6 have all conducted studies of the alcoholic inmates of detoxification centres. The first report attributed the abnormal pulmonary function of the subjects to smoking. The latter two studies used published values to attempt to correct for the effects of smoking on the airways obstruction'6 and on TLCO. 7 After this correction pulmonary function was still found to be abnormal and this was attributed to alcohol. Lebowitz"8 conducted a study of community based individuals and found an association between respiratory symptoms and drinking. In contrast, two large epidemiological studies of over
Contribution of ethanol and cigarette smoking to pulmonary dysfunction in chronic alcoholics 1000 community based patients found no evidence of association between consumption of alcohol and airway obstruction. '9 20 We carried out a case controlled study of alcoholics with carefully matched non-alcoholics, paying particular attention to their smoking habits. The inherent difficulty in inducing alcoholics to attend for sequential pulmonary function tests has meant that the number of patients studied is limited and consequently the power to detect a significant difference between the alcoholics and the controls is not as strong as we might wish. Nevertheless, we believe our conclusions to be valid. We have included as many non-smoking alcoholics as possible. Abnormal pulmonary function is more likely to reflect a direct toxic effect of ethanol in this group than in those who both smoke and drink. The control patients were drawn from the same population and resembled as closely as possible the alcoholics in all respects except their alcohol consumption. If ethanol were exerting a pulmonary toxic effect we would expect to find significantly worse pulmonary function in the alcoholics. As both the control and the alcoholic groups contained substantial numbers of smokers and exsmokers we did not expect pulmonary function to be normal in either group.
The pulmonary function of the combined group of alcoholic smokers and non-smokers is better than that in previously published studies. Emergil6 found abnormal pulmonary function in 70% of alcoholics (who included one non-smoker) and 64% of former alcoholics (nine current non-smokers). Banner found airways obstruction in almost half of his alcoholic patients; three of them were current non-smokers. Thirteen (48%) of our alcoholics had abnormal lung function. Airways obstruction occurred in only two patients and an isolated diffusion defect was present in 10 (37%). We believe the reason for the relatively low prevalence of abnormal pulmonary function in our group is the high percentage of non-smokers. From the previously published studies and our own there appears to be some relationship between the percentage of smokers and the degree of pulmonary abnormality found in any group of alcoholics. This is to be expected and such a relationship by no means excludes ethanol as a direct contributor to this abnormality. It does indicate, however, that smoking rather than ethanol is the dominant contributor.
One way of distinguishing between tobacco and alcohol related disease in alcoholics is to study only non-smoking alcoholics. Sarkar and Gupta2' have done this, though they do not state whether their patients were ex-smokers or never-smokers. Three of their 10 subjects did have minor abnormalities: one had a mild restrictive defect, one minimal expiratory flow limitation, and one air trapping. The pulmonary function of our non-smoking alcoholics is similar to that found by Sarkar and Gupta. We know from the frequency and severity of liver disease in this group that they were drinking sufficient ethanol to cause severe organ damage. The lack of demonstrable pulmonary disease in our non-smokers and in those of Sarkar and Gupta suggest that alcohol abuse alone is not a cause of serious abnormality of pulmonary function. Subdivision of the alcoholics into current smokers and non-smokers showed that pulmonary function was similar in the two groups except for RV, which was higher in the smoking alcoholics. This is not unexpected as RV is a sensitive descriminant between smoking and non-smoking individuals. 22 We were impressed by the similarity of pulmonary function in the alcoholic and control groups (table 2). In the non-smokers, where we expected to detect any direct toxic effect of ethanol, pulmonary function was slightly better in the alcoholics than in the controls (fig 1) . One of our never smoking alcoholics did show a restrictive pattern; this patient was female and Asian. Interestingly, two of the never smoking controls showed a similar defect: both were Asian and female. We have found it not unusual for Asians and particularly Asian women to show unexpected divergence from predicted normal values for lung function. This is perhaps because the normal range is not as well defined for this population as it is for the white European population.
In summary, we have found significantly worse pulmonary function in smoking than in non-smoking alcoholics but no difference between alcoholics and non-alcoholic controls matched for smoking history. We have found no evidence to support the view that ethanol causes lung damage directly or that it enhances the harmful effects of smoking, and conclude that the high prevalence of respiratory disease in alcoholics is largely due to their smoking habits.
